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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the 
manufacturing method of a semiconductor device in 
which a capacity is increased and a leakage current is 
suppressed by suppressing the generation of Si02 on a 
boundary and removing impurity elements remaining in 
an insulation film, and to provide the manufacturing 
device. 

SOLUTION: In the manufacturing method of the 
semiconductor device provided with the process of 
forming a gate insulation film on a silicon single crystal 
substrate, the process of forming the gate insulation film 
is provided with the process of forming an oxide layer by ^ 
an organic metal gas and an oxidizing gas, and the 
process of heat-treating the oxide layer in a reducing 
atmosphere. Further, a semiconductor manufacturing 
device forms the gate insulation film. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacturing method of the semiconductor device with which the process which 
forms said gate dielectric film on a silicon single crystal substrate in the manufacturing method 
of the semiconductor device which" has the process which forms gate dielectric film is 
characterized by having the process which forms an oxide layer by organic metal gas and the 
oxidizing gas, and the process which heat-treats this oxide layer in reducing atmosphere. 
[Claim 2] The process which forms an isolation insulator layer on a silicon single crystal 
substrate, and the process which forms gate dielectric film, The process which forms a gate 
electrode on this gate dielectric film, and the process which forms the source and a drain field in 
both sides on both sides of said gate dielectric film between said isolation insulator layers and 
said gate dielectric film, The process which forms the protective coat which protects said 
isolation insulator layer, gate dielectric film, gate electrode and source, and a drain field, In the 
manufacturing method of the semiconductor device which has the process which is made to 
penetrate said protective coat in contact with each of said source and a drain field, and forms a 
plug electrode, and the process which forms wiring on said protective coat in contact with this 
plug electrode one by one The manufacturing method of the semiconductor device with which 
the process which forms said gate dielectric film is characterized by having the process which 
forms an oxide layer by organic metal gas and the oxidizing gas, and the process which heat- 
treats this oxide layer in reducing atmosphere. 

[Claim 3] The manufacture approach of a semiconductor device that said reducing atmosphere 
gas is characterized by being hydrogen or catalyst hydrogen in claim 1 or 2. 
[Claim 4] The manufacture approach of the semiconductor device characterized by the heat 
treatment temperature in said reducing atmosphere gas being 500 degrees C or less in either of 
claims 1-3. 

[Claim 5] The manufacture approach of the semiconductor device characterized by said gate 
dielectric film consisting of one or more kinds of Ti02, Hf02, Zr02, aluminum 203, Ta205, 
Sc203, Y203, and Ln203 (Ln is rare earth elements) in either of claims 1-4. 
[Claim 6] The manufacture approach of the semiconductor device characterized by dissolving 
said organic metal in a tetrahydrofuran, toluene, a hexane, an octane, and one or more sorts of 
solvents of alcohols, and forming said gate dielectric film in either of claims 1-6 by the liquid 
conveyance evaporation organic metal chemical-vapor-deppsition method using the solution. 
[Claim 7] It is. the manufacturing installation of the semiconductor device which forms gate 
dielectric film on a silicon single crystal substrate — It has the heat treatment room which heat- 
treats said silicon single crystal substrate after forming the membrane formation room which 
forms the oxide layer used as said gate dielectric film on said silicon single crystal substrate, and 
said oxide layer in reducing atmosphere. The shower head with which said membrane formation 
room introduces organic metal gas and a oxidizing gas. It has evacuation equipment which 
exhausts the heater for substrate heating which lays and heats said silicon single crystal 
substrate, and said membrane formation room. Said heat treatment rooms are semiconductor 
fabrication machines and equipment characterized by having the heater for substrate heating 
which heats a reducing gas installation means to introduce said reducing gas, the evacuation 
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equipment which exhausts said heat treatment room, the base in whieh said silicon single crystal 
substrate is laid, and said substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a new 
semiconductor device, the manufacture approach, and manufacturing installation of the MIS mold 
transistor component which has especially gate dielectric film with respect to the manufacturing 
installation. 
[0002] 

[Description of the Prior Art] In recent years, detailed-ization of an MIS (Metal Insulator 
Semiconductor) mold transistor component is in the situation which is at hand as Hasama even 
as for less than 0.1 -micrometer gate length, such detailed-izing — following — as the ingredient 
of the gate dielectric film of an MIS transistor component — specific inductive capacity — Si02 
of 3.9 — replacing — aluminum20 of about 25 ZrO 2 and 10 — using 3 or 80 Ti02 grades is 
examined. These ingredients can thicken physical thickness about 20 times 2.5 times about 6 
times, in order to obtain the gate capacitance same since specific inductive capacity is high as 
Si02. For this reason, also when a component is made detailed according to a scaling law, it is 
thought that the leakage current between the gate/substrate by the direct tunneling in gate 
dielectric film can be suppressed. 

[0003] Although forming gate dielectric film by the spatter in the inside of an oxygen ambient 
atmosphere is shown in JP,8-51220,A, the specific process by organic metal gas is not indicated 
at all. 
[0004] 

[Problem(s) to be Solved by the Invention] however, MOCVD (Metalorganic Chemical Vapor 
Deposition) according these high dielectric materials to a usual organic metal raw material and 
oxygen reactant gas — when it formed using law, it was easy to form Si02 film of a low 
dielectric layer between Si single crystal and gate dielectric film with oxygen reactant gas, and 
there was surely a trouble of as a result falling the capacity of the whole gate dielectric film. 
[0005] MOCVD according to a usual organic metal raw material and oxygen reactant gas in order 
to control formation of the above-mentioned low dielectric layer of Si02 — when it was going to 
control formation of Si02 by carrying out the low dental-curing film using law, carbon and 
hydrogen which are contained in a raw material remained in the insulator layer mostly, and there 
was a problem from which lowering and the high dielectric constant of membraneous quality are 
hard to be obtained. 

[0006] Furthermore, although it was heat-treating with the conventional technique after forming 
predetermined thickness, since carbon and hydrogen which remain in the film were emitted by 
heat treatment out of the film, the opening was generated, and there was a problem to which a 
membranous consistency falls. Moreover, for the reason, the problem to which the irregularity on 
the front face of gate dielectric film becomes large was also produced. 

[0007] The object of this invention controls the generation of Si02 by the interface, and is by 
removing the impurity element which remains in an insulator layer to offer the manufacture 
approach and manufacturing installation of the semiconductor device which is high capacity and 
suppressed leakage current. 
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[0008] 

[Means for Solving the Problem] This invention is characterized by having the process in which 
the process which forms said gate dielectric film on a silicon single crystal substrate in the 
manufacturing method of the semiconductor device which has the process which forms gate 
dielectric film forms an oxide layer by organic metal gas and the oxidizing gas, and the process 
which heat-treats this oxide layer in reducing atmosphere. 

[0009] Moreover, the process at which this invention more specifically forms an isolation 
insulator layer on a silicon single crystal substrate, The process which forms gate dielectric film, 
and the process which forms a gate electrode on this gate dielectric film, The process which 
forms the source and a drain field in both sides on both sides of said gate dielectric film between 
said isolation insulator layers and said gate dielectric film, The process which forms the 
protective coat which protects said isolation insulator layer, gate dielectric film, gate electrode 
and source, and a drain field, In the manufacturing method of the semiconductor device which 
has the process which is made to penetrate said protective coat in contact with each of said 
source and a drain field, and forms a plug electrode, and the process which forms wiring on said 
protective coat in contact with this plug electrode one by one The process which forms said 
gate dielectric film is characterized by having the process which forms an oxide layer by organic 
metal gas and the oxidizing gas, and the process which heat-treats this oxide layer in reducing 
atmosphere. 

[0010] Said gate dielectric film consists [ that said reducing atmosphere gas is hydrogen or 
catalyst hydrogen, ] of one or more kinds of Ti02, Hf02, Zr02, aluminum 203, Ta205, Sc203, 
Y203, and Ln203 (Ln is rare earth elements), It is desirable to dissolve said organic metal in a 
tetrahydrofuran, toluene, a hexane, an octane, and one or more sorts of solvents of alcohols, and 
to form said gate dielectric film by the liquid conveyance evaporation organic metal chemical- 
vapor-deposition method using the solution. 

[0011] That is, the description of this invention is in the MIS (Metallnsulator Semiconductor) 
mold transistor component which used the silicon single crystal substrate as the base material 
to perform the process which forms gate dielectric film at low temperature using a CVD raw 
material and oxygen gas, and the process in reducing atmosphere gas to heat-treat by turns. 
[0012] According to this invention, formation of Si02 can be controlled to Si single crystal and a 
gate-dielectric-film interface by forming membranes at low temperature first. As for whenever 
[ substrate stoving temperature / when forming gate dielectric film ], it is desirable to carry out 
at 300 degrees C - 400 degrees C. 

[0013] Next, it is possible to remove the carbon which remained in the film by heat treatment by 
reducing atmosphere gas, and hydrogen. 500 degrees C or less of things for which an impurity is 
removed efficiently are preferably possible for the heat treatment temperature at this time by 
carrying out at 400-500 degrees C. If it carries out at temperature higher than 500 degrees C, 
the reduction reaction of gate dielectric film will arise and lowering of a withstand voltage 
property will arise. Moreover, at temperature lower than 400 degrees C, if rapid temperature-up 
heating is used in reducing atmosphere heat treatment, the thing whose a possibility that an 
impurity element may remain in gate dielectric film, and decline in a dielectric constant may arise 
is and which an impurity removes still more effectively will become possible again. This invention 
can obtain the MIS mold transistor component which is high capacity and suppressed leakage 
current by controlling the generation of Si02 by the interface, and removing an impurity by 
performing the above-mentioned membrane formation and reduction processing mutually. 
[0014] It is. the manufacturing installation of the semiconductor device with which this invention 
forms gate dielectric film on a silicon single crystal substrate — It has the heat treatment room 
which heat-treats said silicon single crystal substrate after forming the membrane formation 
room which forms the oxide layer used as said gate dielectric film on said silicon single crystal 
substrate, and said oxide layer in reducing atmosphere. The shower head with which said 
membrane formation room introduces organic metal gas and a oxidizing gas, It has evacuation 
equipment which exhausts the heater for substrate heating which lays and heats said silicon 
single crystal substrate, and said membrane formation room. Said heat treatment room is 
characterized by having the heater for substrate heating which heats a reducing gas installation 
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means to introduce said reducing gas, the evacuation equipment which exhausts said heat 
treatment room, the base in which said silicon single crystal substrate is laid, and said substrate. 
[0015] 

[Embodiment of the Invention] (Example 1) The process of this invention is shown in drawin g 1 . 
this invention — MOCVD (Metalorganic Chemical Vapor Deposition) — membranes are formed 
using law and, subsequently it heat-treats by reducing atmosphere gas. This membrane 
formation and heat treatment are repeatedly performed so that it may become predetermined 
thickness, and it is characterized by producing gate dielectric film. 

[0016] Drawin g 2 is the sectional view of the semiconductor fabrication machines and equipment 
which form the gate dielectric film concerning this invention. In this invention, it has the heat 
treatment room 22 for considering reducing atmosphere heat treatment as the membrane 
formation room 21 for forming gate dielectric film. It conveys in the heat treatment room 22 after 
forming gate dielectric film at the membrane formation room 21, and heat treatment in reducing 
atmosphere is performed. In addition, the configuration of equipment may be changed and 
membrane formation and reducing atmosphere heat treatment may be performed by turns at a 
membrane formation room. 

[0017] The semiconductor fabrication machines and equipment which form the gate dielectric 
film concerning this invention have the lamp for substrate heating which heats the base 26 and 
the substrate which lay a reducing gas installation means to by_which have evacuation equipment 
which exhausts the heater 25 for substrate heating and the membrane-formation room 21 which 
lay and heat the shower head 23 and' the silicon single crystal substrate with which the 
membrane-formation room 21 introduces organic metal gas and a oxidizing gas, and a heat 
treatment room 22 introduces reducing gas, the evacuation equipment which exhaust a heat 
treatment room 22, and a silicon single crystal substrate. 

[0018] Si single crystal substrate is a substrate of field (100) bearing, resistivity 10-15 ohm-cm 
in p-type. After forming a slot with a depth of about 0.4 micrometers for a component isolation 
region, CVD-Si02 film was formed completely, and next, by CMP, said substrate was made to 
carry out flattening and it produced to it. 

[0019] Next, in order to produce Zr02 film used as gate dielectric film, ZKt-OC4H9) 4 
(Tetratertiarybutoxy zirconium) organic metal was prepared by the concentration of 0.05-0.25 
mols/l. to the solvent of C4H80 (tetrahydrofuran), and it considered as the CVD raw material. 
The CVD raw material was supplied at the rate of 0.1 - 3sccm using the liquid massflow 
controller. After setting the temperature of a carburetor as 100-200 degrees C and making a 
CVD raw material into gas from a liquid at a stretch, it conveyed by Ar gas 198 - 500sccm. Next, 
it introduced into the reaction container, after mixing a CVD raw material / Ar gas, oxygen 
reactant gas 2 - 800sccm. The pressure of a reaction container was set to 0.01 - 50torr, and 
membrane formation temperature was formed on 350-degree C conditions. 
[0020] Next, reducing atmosphere heat treatment was performed for said gate dielectric film 
using hydrogen gas. Heat treatment conditions are rapid temperature up for 10 minutes at 450 
degrees C. 

[0021] On the heat-treated gate dielectric film, Zr02 film was formed by the above-mentioned 
membrane formation approach like the process shown in drawin g 1 , said reducing atmosphere 
heat treatment was repeated and Zr02 film of 20nm of deed thickness was formed. 
[0022] As a comparison, the above-mentioned membrane formation approach was used on said 
substrate, Zr02 film of 20nm of thickness was formed, and Zr02 film heat-treated in the 
hydrogen ambient atmosphere was produced. The impurity analysis result in the film is shown in 
drawing 3 . This invention was decreasing from the sample for a comparison as substantially 
[ the impurity in the film ] as 1/10 or less. Moreover, as a result of observing a cross section, by 
this invention, eburnation of the sample for a comparison was carried out to many openings 
having been observed into Zr02 film. 

[0023] Next, 300nm of polycrystal Si film used as a gate electrode was formed, Lynn was poured 
into the n channel field and boron was poured into the p channel field, respectively, and it heat- 
treated among the nitrogen-gas-atmosphere mind of 800 degrees C and 10 - 30min, and was 
activated. The gate electrode carried out patterning of the polycrystal Si film using the usual 
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phot lithography method, and in the self aryne, it was etched by RIE "and it formed it. Moreover, 
gate dielectric film processed and formed Zr02 similarly. Next, the mask of the gate electrode 
was carried out, the ion implantation of the atom (P, As, Sb) the periodic table's 5th group's or 
the 3rd group's atom (B f aluminum, Ga, In) was performed to the source / drain field, and the 
diffusion region of low resistance was formed by performing 800 degrees C and heat treatment 
of 30sec among Ar. Next, Si02 protective coat was formed with the CVD method. 
[0024] After producing a through hole on the source/drain furthermore, W-plug electrode was 
produced with the CVD method. Finally aluminum wiring was produced on W-plug and the MIS 
mold transistor component was produced, aluminum wiring of one of the two was carried out to 
the ground, and EOT (Si02 conversion thickness) was computed from the C-V property at the 
time of making it change to a gate electrode -2-2V. The result is shown in drawin g 4 . The 
inclination searched for from the least square method of Zr02 data between 1 0-30nm thickness 
meant the dielectric constant, and was about 20. moreover, Zr02 and Si single crystal substrate 
interface which are gate dielectric film from EOT showing abbreviation zero when physical 
thickness is zero — low — it turns out that SiO two-layer dielectric constant formation has 
been controlled. As an example of « comparison, the sample which heat-treated Zr02 after 
20nm membrane formation was processed like the above. The result of this ZKD2 film is shown in 
drawin g 4 . The dielectric constant for which it asked from the inclination of data was about 20, 
and EOT in physical thickness zero was about 2.0nm. these 2.0nm — low — forming in Zr02 and 
Si single crystal substrate interface whose Si02 dielectric constant film is gate dielectric film is 
shown. 

[0025] In this example, although carried out using hydrogen gas as reducing atmosphere gas, 
even if it uses catalyst hydrogen, the same effectiveness is acquired. 

[0026] Moreover, although Zr02 was used as gate dielectric film in this example, the dielectric 
materials which consist of one or more kinds of Ti02, Hf02, Zr02, aluminum 203, Ta205. Sc203, 
Y203, and Ln203 (Ln:La, Ce, Pr, Nd, Pm, Sm, Eu. Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) can be 
manufactured similarly. Moreover, although Polycrystal Si is used as a gate electrode, the above- 
mentioned dielectric materials and the metal which does not react, for example, W, Mo, and TiN, 
and TiSi2 grade may be used. Furthermore, Lynn may be doped to Polycrystal Si. although 
aluminum wiring was explained — low — it is easy to be a metallic material [ **** ], for example, 
Cu ingredient may be used. 

[0027] In this example, by combining the process which forms gate dielectric film at low 
temperature using CVD material gas and oxygen gas, and the heat treatment process in reducing 
atmosphere gas, the impurity element which remains in an insulator layer can be removed, and 
the semiconductor device which can, as a result, control high-capacity-izing of gate dielectric 
film, generating of leak, etc. can be offered. Since it can produce without as a result reducing the 
capacity of the whole gate dielectric film, the MIS transistor component which sets the gate die 
length to 0.1 micrometers or less can be manufactured. 
[0028] 

[Effect of the Invention] Above, according to this invention, Si02 film formation of a low 
dielectric layer could be controlled between Si single crystal and gate dielectric film by 
combining a CVD raw material, the process which forms membranes using oxygen gas, and the 
process in reducing atmosphere gas to heat-treat, and it became possible to produce the 
semiconductor device which has precise gate dielectric film which does not have an impurity 
further. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the block diagram showing the manufacture process of the gate dielectric film 
concerning this invention. 

[Drawing 2] It is the sectional view of the membrane formation equipment of the gate dielectric 
film concerning this invention. 

[ Drawin g 3] It is drawing [ the example of a comparison / amount / of impurities / in the film of 
this invention ]. 

[ Drawin g 4] It is the diagram showing the relation between the Zr02 physics thickness of this 
invention, and EOT thickness. 
[Description of Notations] 

21 [ — The lamp for heating, 25 / — The heater for substrate heating. 26 / — Cradle. ] — A 
membrane formation room, 22 — A heat treatment room, 23 — The shower head, 24 
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DRAWINGS 



[ Drawin g 1] 
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C0009] .fey^Wlctt, *>'Jzi> 

— \-&mm£<nmx'iii\iz'T— \-&mm&mAjXf&miz v 

xa^Ki/^ >fs^co&^r rem it m&&&m £H® £ 
^r:7^mt££ff*isrr*xii<t. g$^7^ML 

st^xgi^t^ii^eit^ 

[oo i o] BtJES5c^S^*'xi<. 7K^xr*«4^^ 
t^^Ci, HiJEB^r— h&mm&T i O 2 . HfQ 2 , 
Zr0 2 , Al 2 0 3 , T a 2 O 5 . S c 2 O 3 , Y a 
0 3 , Ln 2 0 3 (Ln IS3t±^5c^) (0 1 If ^fcJUtifP 

^^>. * ^^>&^7;^~ JU^tf) 1 fIIU_t 
(Dj§^fcj§ft?L. ^CD^£m^;^l*«;£^b^£ 
S4b^SMBfi£:£;£fcJ:oTfliJSEy— hlfe^^Jf^^-^) 

&£9*t<t LfcM IS (Metal Insulator 
Semi conduc t or) Ih7 5* 

Ti5;mt'fi!c^"f'&XgijS7cllHSl^*^T*(D i 
Xil £ £5 fr^? C <h * * 
[oo i 2] ^^Bgfc^tLl^ ^St^itici 
fc.tys i miSS^-h^St^Safcs i O 2 0)ff^ 

S«*^JS(i, 3 0 0°C-4 0 0°CT'fif^^(D6^^ 
Ll\, 

coo 1 3] wz. &7znm$MS*x(D&&miz£vm 

Z(D&f<D&Mm>&m.l** 5 0 0 0 CHAT. Vt&L < f* 4 0 

*f £c£a<pjfc-c*£>* 0 5 o o°c<t yfti^as-efrtt 

Ti^i:i, £fr4 ootcfeyfit^St'li, ^fc&^5t 
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[oo i 4] '>'J3>*tgasfijb(c. f— 

io ->u zi^mm&mwi-tiz-mwf— h«fe«Kt^*^t«! 
=i >««sas«$iS7c^eift4>-x?i^«iQi-r & 

L Jn HIT * &15*dS*JB t — 9 ZLlfnti&tftf&W. % Z> 

20 ^.t^^o 

[0015] 

-bX^^-fo ^^^"C'(*, MOCVD (Me t a I o r 
g a n i c Chemical Vapor Oepos 
i t ion) ;££ffil>Tfi£^L. ;*(^T'i§5u#HSl#X 

[0016] 021*. **Wfcfi6*^r— hfe1*IR£!EM 
30 r*4*»*SaiMB<DWMra&*. *mmxi*. <r— 

1 icr<f— htfe»e«BKHa. s&«ias2 2t»aiL. 

[00 1 7] 2M9!ttS&y— hlfe^^JKfi£^-*^3l 

40 ^t2SL*Df^-r^)^^*Df^fflt-^ 2 5&tfl*ffi£2 1 
£!JMrcr*H3SlML»K£*rL. X. SMBM 2 2 A<iS 

[O018] Si SUSJI.gJSte. p - t y p e X' ( 1 O 
O) ffijjtii. ISfiiSM 0-15Q - cm^S^T'fe^o 

BltLfc^fCCVD-S i 0 2 ^^^:®RJc^L. SfclCCM 

50 [oo i 9] h*fttt«t/j:-SZ r 0 2mZftn 
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■tZtz#>tZ^ Z r (t-OC4H9) 4 (Tetrat 
ertiarybutoxy zirconiu m) W 
MSifC4H80 (f h7t K077» COig^fC 
O. 05~0. 2 5mo I / I (DiSgt'^LtC VD 

-JfflOTO. 1 ~ 3 s c cm(Di$S"C#tl&Ufco $Ub 
§§CD;g&£ 100-20 0 0 CCStttCVD^^- 
SUCiStfrA^tfXfCL*:^ Ar*"X1 98-500 s 
ccmt')«SLt. ^CVD^/Ar^XiM^S 
C£;^2-800 sccm?;S^Lt^ JSJC^SSfC^ 
ALfco Srt^S(DBE^^O. 01~50torr<t 
L. fi£I^3 5 0 0 Cfl)^t'fiJtiLfc e 
[0020] jfcic* fltIEy-h$felt^^^^X^ffit> 

T&7tnm*.&Mm.z?r -?tz 0 f&&m&ftt** ~4 5 o°c 

[002 1] aM&SLfcV— hlfettK-ti::* 0 1 fC^f 
X^<DJ:7^JiEfiE^;ir*Z r 0 2 ^^J«^L. SUE 
iSTC^Sft^Ii^^ySLtf 0^15 2 O nmCOZ r O 

ffll^S2 0nm(DZ r0 2 li^liL, 7Kfft#@£t 
^T'MILfrZrO^^MLfco 0 3 KEi^O^ 

okit £X<miz&'j?i.x^tz 0 &tz. mm 
zmmirtzis^ it&m&m*. z r o 2 m*iz&&b< 
&&mmzthtz<Diz\ttLx. *mmx&. $as<ibL-c^ 

[O O 2 3] ZUzf— hfgt^i^S i mz3o 

-3omi n<nmmnm&*m®:m\~T7%ttLitLtz 0 f 
£jat*T/<* — — ><?l. -tr;u^T^-r >r^r r 1 biz 

tZrO^HlILtff^U:, MS^7X 

^ l r v— x/ k u-f >nmrcra^^o)m 5 m<o^=h 

(P, As, Sb) 5£t>(im3j^COl^^- (B, A I. G 
a , In) (D>f 3*->S£A£frlV 8 O 0 0 C. 3 O s e c 

(da r tpt&mmzm-twtz* yigtsmcDtt&iis^tfcL 

[0 0 2 4] ££>f-y — X/KU-O-tfCXVU— 

fro g&fCA I &,m£W-zf^<7±tZft2lLTM I S3? 
h^>^X^^^^f^^L/ro #7J<DA lffi*g£7 — X 
Lt, ^-hmSHc-2~2 v^b£-e*ri§£-(DC- 

v^ijeot (s i cu&srsijs) ^tatt^ 

(Dt&mZmtiZTjk-f. 1 0-3 0nmlirat'Z r 0 2 
£)2 0T'&-?/co ^/c^Uif^^-fc* D(0^CEO Ti< 
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i m&&mfii&miz&&'%.mt+s \ o 2 m<Dmf&^m 

X'$tz^tti<ttfrZ> 0 it&mt^X. ZrO 2 £2 0n 

m&m&iz&Mmctzt&ftz. ±&tmmzfojLLtz 0 
**)fcB§m^tttt2or*fey. ^s^-tzarc^it^E 

OTi<^2. O n mt'^ofc,, Cfl)2. O n mtt(gB§^ 

mus i o 2 mt<f— M&mmx'&zz r o 2 <ts i mie 

COO 2 5] *3SS£0!T(i. iS^H^xi:L-C*^ 

io rt^zmi^xntz-otztf. f&i&*m : £mi^x*,m&<o%i 

COO 2 6] J£tz. *$Mt'tt^-h|fe^i:LtZ 
r0 2 ^fflL«, Ti0 2( Hf0 2l Zr0 2 , A 
! 2 O s , Ta 2 O s , Sc 2 0 3 , Y 2 0 3 , Ln 2 
0 3 (Ln:La, Ce, P r , Nd, Pm, Sm, E 
u. Gd, Tb, Dy, Ho. Er. Tm. Yb, L 

u) <n^&m&±fr*tez&n1*&ftxlmmz&&^ 
mx&z> 0 -£tzf— h1&&t LT^S i £SHm:i^ 

20 o. T i N. T i S i 2 3?£RH>T*, e fcl\> ££>fc. ^ 
^SS i (C'J K— ZfLX*>£l\ AIE^^L 
tzb<. {gJgtt^JStfift tfliUSc u*t*4£ffl 

l^XtXL\ 

CO 0 2 7] ^SSWcfct^Tte. ^-h*fel££i£. C 

v d BR** # x t mma x zmm l x <saa r-^-r & x@ 

£ Stu#H & jtf X T- <D 3fc&JlX*l ^fi^^ii: * c: £ \z 
CO 0 2 8] 

js*&mmLXf£m?zx.mtm7tnm$tii*x&&M 
mrzx.m&mfr&ttzzitx^ s i m&gktf— k 

^ ftss-r ^ c <t A^itg <t ^ o to 

40 [ElcS(7)fw^^Si^] 

CS2] *§zmzgkz>>f- b&mm<Df£mm&<n&i& 

[S3] ^^^cD^4»(DT^S^tt:^<titULyc 

CS4] ^^^(oz r o 2 v*mm&t Eormmt<n 

[^(7)S»B^] 
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